Bisphenol-A (BPA) is a high-volume production chemical used to make epoxy resins and polycarbonate plastic products, including some kinds of water bottles, baby bottles, and food storage and heating containers (1) . It is also used in the lining of metal food cans and in dental sealants, and is an additive to certain plastics used in children's toys. The chemical was first developed as a synthetic estrogen and was later polymerized to produce polycarbonate. Bisphenol-A mimics estrogen activity and is known as an "endocrine disruptor," a chemical that interferes with the hormonal system in animals and humans and contributes to adverse health effects. Bisphenol-A also causes a variety of impacts through mechanisms of action that are probably unrelated to estrogenic properties (2) (3) (4) (5) . It is also a precursor to the flame retardant polymers (6) (7) (8) .
Saturated and unsaturated polyesters are conveniently prepared by melt copolyesterfication at elevated temperature above the melting point of the reactant (9, 10) . Curing of the unsaturated polyesters with styrene to form solid thermoset materials may have markedly improved properties , (9, 11) . It was stated previously (12, 13) that, some polyesters were prepared by the reaction of bis-
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(dicarboxymethoxy)benzene phthalic anhydride and maleic anhydride with some glycols. In the present work, the synthesis of polyesters based on the condesation of bisphenol-A with phthalic anhydride, tetrabromophthalic anhydride and maleic anhydride with some glycols are described and their biological activity screened. Further, the aim was to investigate the factors affecting reactions between the unsaturated copolyesters and styrene.
Experimental

Materials
Maleic ahydride, phthalic anhydride, tetrabromophthalic anhydride and phenol benzoyl peroxide , styrene monomer, glycols (ethylene glycol, diethylene glycol, 1,3-propane diol, 1,5-pentane diol, 1,6-hexane diol and cis-2-butene-1,4-diol), dimethyl formamide (DMF), chloroform and dioxane were obtained from Aldrich, BDH, Merck and were employed as received.
Preparation of bisphenol-A
Bisphenol-A was prepared by the condensation of acetone with two equivalents of phenol in the presence of sulphuric acid (14 ) .
Methods
Polyesterification reactions
Bulk polyesterification reactions were carried out by the reaction of Bisphenol-A with acid anhydride and diols. Thus, the copolyesters were prepared by the reaction of bisphenol-A and acid anhydride [phthalic anhydride, tetrabromophthalic anhydride or maleic anhydride] with glycol in the molar ratio 1: 2: 1, respectively. The reactions were carried out by heating the mixture in the presence of oxygen-free nitrogen. The time-temperature program for each copolyester is illusterated in Tables 1&2. The copolyesters prepared were purified twice from chloroform solution by precipitation with light petroleum and then dried under reduced pressure.
Curing of polyester resins
The unsaturated polyester prepared in each case was cured (15) with styrene, in the weight ratio of 70:30, using benzoyl peroxide as a free radical initiator (1%) weight ratio and dioxane as solvent. The cured copolyesters were casted as films on glass and tin plates. The plates were subjected to aging at 70 o C for 24 hr, at 100 o C for 24 hr, at 130 o C for 6 hr, and finally, at 150 o C for 6 hr. The films were tested for their resistance to acid and alkali solutions (16) and to cold and hot water (17) .
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Characterization of polyesters
Viscosity measurements were carried out by an Ostwald viscometer using a 1% by weight solution in dioxane at 30 o C. The average molecular weight of the prepared copolyesters were determined by the end-group analysis for carboxylic groups using KOH (19) . IR spectra were recorded (KBr pellet) on a Pye-Unicam Sp-883 Perkin Elmer spectrophotometer.
1 H NMR spectra were recorded on a Varian Gemini 200 spectrometer, operating at 200 MHz for proton; Cairo University.
Preparation of varnish films
Polywood of dimensions 5 x 0.5 x 0.05 cm were varnished by dipping in solution of polyester in DMFR . The weight of the dried varnish film is equal to the difference between the weight of polywood strip before and after dipping. The strips are prepared for flammability test.
Results and Discussion
Synthesis and structure of saturated copolyester resins
In the present study, saturated copolyesters (1-VI) were synthesized by the reaction of bisphenol-A and phthalic anhydride with ethylene glycol, diethylene glycol, 1,3-propane diol, cis-2-butene-1,4-diol, 1,5-pentanediol and 1,6-hexane thylene diol. The structure of the prepared copolyesters (I-VI) can be illustrated as follows:
Where: The structure of the prepared copolyesters (VII, XII) can be illustrated as follows: The time-temperature program for each copolyester is illusterated in Table 1 . 
Acid Values
The structure of the prepared copolyesters was established by studying their IR and 1 HNMR spectra. The IR spectra of the prepared copolyesters showed absorption bands at 3485-3417cm -1 of
and 1735-1720 cm
The 1 HNMR spectra of copolyester (V) showed signals at δ6.5-8.2 (m,16H) due to aromatic protons, at δ4.2 due to aliphatic protons (-CH 2 OCO) group, at δ0.7-1.7 due to two methyl groups of bisphenol-A and -CH 2 group as shown in Fig. 3 . 
Physical properties of saturated copolyester resins:
The prepared copolyesters (I-XII) were yellowish to dark brown viscous materials, soluble in various organic solvents except ethanol, n-hexane and light petroleum ether. These linear copolyesters showed great resistance to gelation after long storage periods. Some of the physical properties (acid value, molecular weight, number of repeating units and viscosity measurements) of the prepared copolyesters are illustrated in Table 2 . From Table 2 it is clear that the molecular weight of the prepared copolyester resins ranged from 1002 to 8014.
Synthesis and structure of unsaturated copolyester resins
Also, in the present work, unsaturated copolyesters containing maleate unsaturation (XIII-XVIII) were prepared by the reaction of bisphenol-A and maleic anhydride with the following glycols: ethylene glycol, diethylene glycol, 1, 2-propane diol, cis-2-butene-1,4-diol, 1,5-pentane diol, and 1,6-hexane diol as follows: The time-temperature program for each copolyester is illusterated in Table 3 . Fig. 4 shows the acid number versus time (XIII-XVIII). The structure of the prepared copolyesters was established by studying their IR and 1 HNMR spectra. The IR spectra of some prepared copolyesters showed bands at 3450-3400 cm -1 (υ OH ), 2920-2900 cm -1 υ CH2 (aliphatic) and 1720-1700 cm -1 υ C-O (ester).
The 1 HNMR spectra of copolyester showed signals at δ6.2-8.0 (m, 12H) due to aromatic protons and -CH=CH-(olefinic protons), at δ4.2 due to aliphatic protons (-CH 2 OCO) group, at δ1.7 due to two methyl groups of bisphenol-A, and at δ1. 
Physical properties of unsaturated copolyester resins
The prepared copolyesters (XIII-XVIII) were yellowish to dark brown viscous materials, soluble in various organic solvents except alcohol, n-hexane and light petroleum. The copolyesters prepared show great resistance to gelation after long storage periods. Some of the physical properties of the prepared copolyesters are illusterated in Table 4 . From Table 4 it is clear that molecular weight of the prepared copolyesters resins ranged from 890 to 4007. 
Curing of unsaturated copolyester resins with styrene
The prepared unsaturated copolyesters (XIII-XVIII) were found to cure with styrene (St) to form insoluble crosslinked polymers (XIX-XXIV). The properties of these cured polyesters in the form of films showed that they have a considerable good film properties on glass and metal plates as shown in Table 5 .
The cured polyesters were subjected to hydrolysis, and the hydrolyzate products (styrene-fumaric acid copolyesters) were characterized by IR and 1 HNMR spectra. Thus, their IR spectra showed bands at 3500 cm   to (m,8H) due to phenyl protons of styrene units and at s1 to 2.5 (broad) due to the aliphatic protons in fumaric and styrene units.
Flamability test
Flamability test was used to evaluate the fire retardancy of polyesters (I-XII) as varnish films. Table 6 illustrates the time of burning of coated polywood strips. From Table 6 it is clear that the time of burning of coated polywood strips is greater than that of uncoated polywood strips. It is attributed to the presence of the aromatic moiety and the halogen atoms in the polyester backbone which increase the resistance to flammability. (18 ) 
Antimicrobial activity
The antimicrobial activity of the synthesized compounds was determined in vitro using the hole plate and filter paper method (20) Table 7 . The investigation of antibacterial screening data revealed that all tested compounds showed moderate to good activity compared to the broad spectrum antibacterial drugs used. It has been observed that most of the synthesized compounds have remarkable antimicrobial activity towards the selected bacteria 
